Background: An altered balance of gonadal hormones in males with gender identity disorders (GIDs) may increase multiple sclerosis (MS) risk both inherently and secondary to treatment in undergoing maleto-female conversion. Objective: We investigated any association between GIDs and MS through analysis of record-linked hospital statistics. Method: Analysis of English Hospital Episode Statistics, 1999-2012. Results: The adjusted rate ratio (RR) of MS following GIDs in males was 6.63 (95% confidence interval (95% CI) = 1.81-17.01, p = 0.0002). The RR of MS following GIDs in females was 1.44 (95% CI = 0.47-3.37, p = 0.58).
Introduction
Gender is an important factor influencing multiple sclerosis (MS) risk. Females have a three-fold higher prevalence of MS, earlier disease onset and slower disability progression. 1, 2 Gonadal hormones may be important in mediating gender differences in MS risk, but their influence remains largely undetermined. Transgenderism or gender identity disorders (GIDs) have been described as 'an extreme form of gender dysphoria characterized by a strong and persistent identification with the opposite sex'. 3 The pathophysiology of GIDs is likely complex, involving hormonal derangements, genetic predisposition and sociocultural factors. Testosterone is thought to directly influence male foetal brain development, sexual orientation and gender identity, and individuals with male-tofemale (MtF) GIDs (individuals born male but identifying as female) have been associated with genetic variants resulting in reduced androgen sensitivity. 4 Treatment of GIDs in accordance with the World Professional Association for Transgender Health recommends hormonal therapy, psychotherapy, changes in gender expression and potential surgical sex reassignment. The most studied treatment regimen for MtF individuals involves the use of feminising hormones (e.g. oestrogen) and anti-androgens (e.g. gonadotropin-releasing hormone analogues) which reduce testosterone secretion or neutralise testosterone activity. We hypothesised that an altered balance of gonadal hormones in males with GIDs will increase MS risk both inherently and secondary to treatment in undergoing MtF conversion. A male and female reference cohort was constructed by identifying the first admission of individuals for various other, mainly minor conditions (Table 1 footnotes). We used standard epidemiological practice in selecting a wide range of 'control' conditions in the reference cohort (to avoid the possibility that any one condition might have an atypically high or low subsequent risk of MS). People were excluded if they had a MS admission either before or at the same time as the admission for GIDs or the reference condition. Building and use of the datasets was approved by the Central and South Bristol Research Ethics Committee (ref 04/Q2006/176).
Methods

Population and data
Statistical methods
Date of entry into each cohort was the date of the first admission for GID, or reference condition, and date of exit was the date of the first record of MS, death or the end of data collection, whichever was first. We calculated rates for MS, stratified and then standardised by age (in 5-year groups), calendar year of first recorded admission, region of residence and quintile of patients' Index of Deprivation score. Methods used in the calculation of observed and expected numbers have been published in detail elsewhere. 5 Rate ratios (RRs) were calculated using the formula
where O and E are the observed and expected numbers of MS cases in the GID and reference cohorts, respectively. The confidence interval (CI) for the RR of MS and χ 2 statistics for its significance were calculated as described elsewhere. 6
Results
There were 1157 males and 2390 females in the GID cohorts, and 4.6 million males and 3.4 million females in the respective reference cohorts. Their age distribution is given in Table 1 . The adjusted RR of MS following GID in males was 6.63 (95% CI = 1.81-17.01, significant at p = 0.0002), based on 4 observed cases and 0.6 expected. The age of first known record of MS in MtF individuals varied but was within the 35to 74-year age group. The adjusted RR of MS following GID in females was 1.44 (95% CI = 0.47-3.37, not significant, p = 0.58), based on 5 observed cases and 3.5 expected.
Discussion
We report a positive association between GIDs and subsequent MS in males. Our study design cannot give GID: gender identity disorder. a We included all people eligible to be in the control cohort: for example, the risk of MS in the 195 men in the GID group aged 15-24 years was compared with the risk in the 577,785 (195 × 2963) men in the control cohort. We did so because in a stratified analysis of a dataset with all data already collected, there is no merit in discarding controls. All calculations of observed and expected numbers of 'outcome' conditions were done within each age stratum (in 5-year bands, rather than those showed for simplicity in the table) and within the other strata described in the 'Methods' section. The age-specific values were then summed to give all-ages summary statistics, as given in the text. insights into mechanisms that might explain the association. However, there is evidence suggesting an association between gonadal hormones and MS, including animal models suggesting anti-inflammatory and/or neuroprotective actions of testosterone, 7 studies indicating a high prevalence of hypogonadism in male MS patients and improved cognitive function and slowed brain atrophy in a small pilot trial of testosterone. 8, 9 Furthermore, using a similar methodology and drawing upon the same population, we have previously reported a strong association between testicular hypofunction and MS risk. 10 Strengths of this study include the person-based cohort design and the use of a very large dataset to study an extremely challenging logistical undertaking: even drawing upon a 50 million population, numbers of cases were small. We have considered, as best possible using routine data, potential confounding factors such as socioeconomic deprivation. However, we cannot rule out unknown shared risk factors between GIDs and MS.
Limitations also include the use of prevalent cases of GIDs based on the first recorded day-case care or inpatient admission, rather than follow-up from the point of initial diagnosis, and the fact that there is a general increased healthcare usage by individuals with MS. The nature of GIDs, which are thought to onset early in life with a long period prior to medical attention being sought (if ever), in addition to the coding requirement that the GIDs always preceded MS, suggests that any true direction of effect is almost certainly one in which GIDs precede MS. However, we do not have detailed clinical information available to determine the temporal relationship between GIDs and any prior undiagnosed presentations of MS symptoms, or blood samples to elucidate the relationship between sex hormone levels and MS more directly.
The people with GIDs would be a complex nonhomogenous group of individuals. Available information about them (other than basic demographic data) is lacking. This lack of detail, and the small numbers of cases, means that we have had very little scope to take account of potential confounders (other than the specified demographic adjustments). Moreover, we assume that the majority of people with MS will have been hospitalised at least once, but cannot confirm this. The fact we used hospital data means that the GID cohort probably reflects the severe end of the condition's spectrum.
In conclusion, our findings suggest that low testosterone levels and/or feminising gonadal hormones might influence MS risk in some men and highlight a need for further work to explore any potential role for gonadal hormones in management and/or prevention strategies. The demographic profile of MS is one of its most intriguing features and one which causal hypotheses must take into account.
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